One of creators of quantum mechanics P. Jordan in his work on quantum biology claimed that life's missing laws were the rules of chance and probability of the quantum world. The article presents author's results of studying probabilities of nucleotides on so-called epi-chains of long DNA sequences of various eukaryotic and prokaryotic genomes. DNA epi-chains are algorithmically constructed subsequencies of DNA nucleotide sequences. According to the algorithm of construction of any epi-chain of the order n, the epi-chain is such nucleotide subsequence, in which the numerations of adjacent nucleotides differ by n (n = 2, 3, 4,…). Correspondingly each epi-chain of order n contains n times less nucleotides than the original DNA sequence. The presented results unexpectedly show that nucleotide probabilities on such DNA epichains of different orders are practically identical to nucleotide probabilities in the original long DNA sequence. These data allow considering DNA as a regular rich set of epi-chains, which can play a certain role in genetic and epigenetic phenomena as the author belives. Appropriate rules of nucleotide probabilities on epi-chains of long DNA sequences are formulated for further their tests on a wider set of biological genomes. These phenomenological data and their possible biological meaning are discussed.
Introduction
One of creators of quantum mechanics P. Jordan, credited with the authoring the first work on quantum biology, postulated the following. The mechanisms of living organisms are associated with what he referred to as his 'amplifier theory', based on Bohr's notion of the 'irreversible act of amplification', required to bring the fuzzy quantum reality into sharp focus by 'observing' it [Jordan, 1932] . Jordan claimed that «life's missing laws were the rules of chance and probability (the indeterminism) of the quantum world that were
Definitions of notions of code-chains and epi-chains of nucleotides in DNA
DNA double helix is a long discrete polyatomic construction, whose parts are connected into the whole stabilized structure. In this construction, each of two complementary strands contains a discrete chain of nucleotides, which carry genetic information and are located along helix-like trajectorie (Fig. 1, left) .
The article considers two types of nucleotide chains, which are conditionally termed as "codechains" and "epi-chains". The attention paid to these two types of chains in DNA is caused by the author's results on the approximate equality of the probabilities under investigation on these different chains.
A chain of nucleotides, which continuously follow each other on one strand of DNA, will be called a code-chain (the concept of a DNA strand is broader than the concept of its nucleotide code-chain, since the DNA strand contains not only nucleotides, but also the connections between them). The DNA double helix consists of two strands, and therefore contains two code-chains (one for each strand). It is precisely the nucleotide code-chains are used in the mentioned second Chargaff's rule, as well as the data on the nucleotide composition of the DNA of the set of organisms in the Genbank. The consecutive nucleotides in any code-chain can be sequentially numerated with the natural numbers 1, 2, 3, 4, 5, ..., starting with any randomly chosen nucleotide (Fig. 1) . Below we will deal with nucleotides, each of which is conditionally assigned a sequence number along the nucleotide sequence in a considered code-chain.
In contrast to the traditional attention of researchers to DNA code-chains, this article focuses on epichains, the concept of which is new for molecular genetics. By definition, DNA nucleotide epi-chains are those nucleotide chains of a double or single DNA helix, which contain not all, but only algorithmic selected nucleotides, whose sequence numbers increase on a fixed number "n"; this numerical difference "n" can be equal to 2, 3, 4, ... and it defines the "order of epi-chains ". For example, epi-chains of the second order are two sequences N 2/1 and N 2/2 whose nucleotides have their sequence numbers differing by 2, that is, they have odd numerations 1, 3, 5, 7, ... in an epi-chain N 2/1 and they have even numerations 2, 4, 6, 8, . .. in an epi-chain N 2/2 as shown in Fig. 1 (in the middle). By analogy, epi-chains of the third order are those three nucleotide chains N 3/1 , N 3/2 and N 3/3 , whose nucleotides have sequence numbers differing by 3, that is, they have the numerations 1, 4, 7, 10, ... or 2, 5, 8, 11, ... or 3, 6, 9, 12, ... , respectively (Fig.1, right) .
In the general case, nucleotide epi-chains of n-th order are those «n» chains, whose nucleotides have sequence numbers differing by «n». The nucleotide density (or quantity) on a epi-chain of n-th order is reduced by "n" times in comparison with the nucleotide density on a corresponding DNA code-chain. In other words, DNA epi-chains are sparsed code-chains. The term "epi-chain" uses the Ancient Greek prefix epi-(ἐπι-"over, outside of, around"), which implies features that are "on top of" or "in addition to" the traditional DNA double helix. In DNA double helix, each nucleotide belongs to one of its code-chains and to many its epi-chains.
The symbol N in the designation of code-chains and epi-chains is taken according to the first letter of the word "nucleotides". In the symbolic designation of epi-chain N n/m , the numerator "n" in the chain index indicates the order of the epi-chain, and the denominator "m" is the number of the nucleotide in the codechain, from which the epi-chain begins. For example, the symbol N 3/2 means an epi-chain of the third order with the first nucleotide having the number 2 in nucleotide numeration in the code-chain. Fig. 1 . Left: DNA double helix (from https://ru.wikipedia.org/wiki/Дезоксирибонуклеиновая_кислота). In the middle: N 1 represents a chain of numerated nucleotides of single-stranded DNA termed by the author as a DNA code-chain; N 2/1 and N 2/1 represent two epi-chains of the second order in this single-stranded DNA. Right: N 3/1 , N 3/2 and N 3/3 represent three epi-chains of the third order regarding the same code-chain N 1 (explanations in the text).
This article presents data on the author's analysis of probabilities of nucleotides A, T, C, and G in epi-chains of long sIngle-stranded DNA of genomes of a number of organisms.
Nucleotide probabilities in epi-chains of complete sets of chromosomes
This paragraph presents the author's study results that probabilities of nucleotides in the code-chains and epi-chains of the considered orders in long DNA sequences unexpectedly turn out to be almost identical independently on strong differences in content of these nucleotide chains. These probabilities (or frequencies) of nucleotides A, T, C and G in the studied DNA sequence will be denoted by the symbols P (A), P (T), P (C) and P (G), respectively.
Let us describe, first of all, data about the human genome with its 22 autosomes and 2 sex chromosomes. These 24 nuclear сhromosomes contain long DNA molecules, the lengths of texts in which lie in the range from 50 to 250 million letters approximately. These chromosomes differ greatly in their molecular dimensions, their sequences of letters, kinds and quantities of genes in them, cytogenetic bands (which shows biochemical specifity of different parts of chromosomes), etc. (Fig. 2) . Taking into account these great differences among human chromosomes, it was very unexpected for the author to reveal that 24 human chromosomes are similar each to other from the standpoint of nucleotide probabilities in their DNA epi-chains (Table 1) . Table 1 . Probabilities P(A), P(T), P(C) and P(G) of nucleotides A, T, C and G in epi-chains of initial orders in all human nuclear chromosomes. Data relating epi-chains of the second order (N 2/1 , N 2/2 ) and the third order (N 3/1 , N 3/2 , N 3/3 ) are presented jointly with data on code-chains N 1 . Two left columns show ordinary symbols of chromosomes and their length. Initial data relating to these chromosomes were accessed from https://www.ncbi.nlm.nih.gov/genome/?term=Homo+sapiens+genome (the column RefSeq). It is surprising but for all 24 human chromosomes, each of rows of probabilities in Table 1 contains approximately the same value of probabilities of nucleotides in its 7 cells corresponding to the appropriate code-chain N 1 and its epi-chains N 2/1 , N 2/2 , N 3/1 , N 3/2 , N 3/3 : smal differences in the values of probabilities appear only in the fourth decimal place though each code-chain strongly differ from its epi-chains by its length and by its nucleotide sequence. It means that these epi-chains practically are copies (or duplicates) of their code-chains regarding probabilities of nucleotides A, T, C and G. In particular, the analogue of the second Chargaff's rule for DNA code-chains is executed in the epi-chains: P(A) ≈ P(T) and P(C) ≈ P(G).
But what one can say about probabilities of nucleotides in epi-chains of higher orders? Whether such equalities of probabilties also exist there? The author's study gives a positive answer on this question. Table  2 shows probabilities P(A), P(T), P(C) and P(G) in examples of epi-chains of the 10th order, the 50th order, the 100th order in the human chromosome № 1. Tabular data testify that in all shown epi-chains these probabilities have practically the same values like in their code-chain N 1 . Table 2 . Probabilities of nucleotides P(A), P(T), P(C) and P(G) in the human chromosome №1 for the following examples of randomly selected epi-chains: N 10/1 and N 10/9 -two epi-chains of the 10 th order; N 50/1 and N 50/49 -two epi-chains of the 50 th order; N 100/1 and N 100/99 -two epi-chains of the 100 th order. N 1 refers to the code-chain of this chromosome (by analogy with Table 1) . The author has received similar results of approximate equality of probabilities of nucleotides A, T, C and G in code-chains and their epi-chains of different orders in complete sets of chromosomes of a few model organisms, which are used long ago in the study of genetics, development and disease: a fruit flight Drosophila melanogaster, a nematode Caenorhabditis elegans, a house mouse Mus musculus, a plant Arabidopsis thaliana. Table 3 shows probabilities of nucleotides P(A), P(T), P(C) and P(G) in the complete set of nuclear chromosomes of Arabidopsis thaliana. These tabular data confirm that probabilities of nucleotides in the considered epi-chains practically repeat their probabilities in code-chains N 1 in all nuclear chromosomes. Table 3 . Probabilities P(A), P(T), P(C) and P(G) of nucleotides A, T, C and G in epi-chains of initial orders in all nuclear chromosomes of a plant Arabidopsis thailana. Data relating epi-chains of the second order (N 2/1 , N 2/2 ) and the third order (N 3/1 , N 3/2 , N 3/3 ) are presented jointly with data of code-chains N 1 . Two left columns show ordinary symbols of chromosomes and their length. Initial data relating to these chromosomes were accessed from the CenBank (https://www.ncbi.nlm.nih.gov/genome/4 ). Till now only nuclear chromosomes were under consideration. But what about probabilities of nucleotides in epi-chains of mitochondrions, whose length much more shorter that length of nuclear chromosomes? Table 4 shows these probabilities for human mitochondrion whose length is only 16569 bp. Table 4 . Probabilities P(A), P(T), P(C) and P(G) of nucleotides A, T, C and G in epi-chains of initial orders in the human mitochondrion. Data relating epi-chains of the second order (N 2/1 , N 2/2 ) and the third order (N 3/1 , N 3/2 , N 3/3 ) are presented jointly with data on the code-chain N 1 . Initial data relating to the human mitochondrion were accessed from https://www.ncbi.nlm.nih.gov/nuccore/NC_012920.1. These tabular data testify that in himan mitochondrion its probabilities of nucleotides in the codechain N 1 and in considered epi-chains are also approximately equal to each other but with a lower level of accuracy. The second Chargaff's rule is not executed at all in this short mitochondrion: P(A) is significantly different from P(T) and P(C) is significantly different from P(G). Table 5 shows probabilties of nucleotides in a plant Arabidopsis thailana for its mitochondrion and its chloroplast. Tabular data testify that these probabilities in the considered epi-chains are approximately the same as in the code-chains N 1 . The lengths of the mitochondrion and the chloroplast significantly exceed 100,000 bp and are many times longer than the length of the human mitochondrion. The analogue of the second Chargaff's rule for nucleotide code-chains is executed in epi-chains of these DNA: P(A) ≈ P(T) and P(C) ≈ P(G). Table 5 . Probabilities P(A), P(T), P(C) and P(G) of nucleotides A, T, C and G in epi-chains of initial orders in the mitochondrion and the chloroplast of a plant Arabidopsis thailana. Data relating epichains of the second order (N 2/1 , N 2/2 ) and the third order (N 3/1 , N 3/2 , N 3/3 ) are presented jointly with data of the code-chain N 1 . 
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MT 367808 P(A) 0.2793 0.2773 0.2812 0.2798 0.2766 0.2814 P(T) 0.2731 0.2729 0.2732 0.2722 0.2758 0.2711 P
Nucleotide probabilities in epi-chains of prokaryotic genomes
What one can say about nucleotide probabilities in epi-chains of prokaryotic genomes? This Section represents author's results testified that in prokariotic genomes the same situation relating these probabilities exists like in eukaryotic genomes (but with a slightly lower level of accuracy in equalities). Table 6 shows probabilities (or frequencies) of nucleotides A, T, C and G in all 19 genomes of bacteria and archaea from their full list in the article [Rapoport, Trifonov, 2012] . The following genomes are shown in Table 6 testify that in prokariotic genomes probabilities of nucleotides A, T, C and G in considered DNA epi-chains are approximately repeated their probabilities in code-chains like the case of eukariotic genomes considered above.
Regarding probabilities of triplets in DNA epi-chains of different orders
This Section presents initial author's results on studying probabilities of each of 64 triplets in long DNA epi-chains of various orders. These results testify in favor that in relation to triplets all epi-chains of each concrete order have practically identical probabilities, which can be used as an individual characteristic of the order of epi-chains (in contrast to the above described situation with nucleotide probabilities, which practically identical in epi-chains of different orders having no individual characteristics from this standpoint). Such differences in individual probability characteristics of various orders of epi-chains allow speculating on using these peculiarities of various epi-chains sets in genetic processes. Table 7 shows probabilities (or frequencies) of each of 64 triplets in epi-chains of various orders in the human chromosome № 1 having 248956422 bp. These tabular data show, for example, that probabilities P(CCC) of the triplet CCC are different in the code-chain N 1 and in epi-chains of various order but practically identical in all epi-chains of the same order:
• In the code-chain N 1 , P(CCC) = 0,0138;
• In all epi-chains of the second order N 2/1 and N 2/2 , P(CCC) = 0,0122;
• In all epi-chains of the third order N 3/1 ,N 3/2 and N 3/3 , P(CCC) = 0,0138;
• In all epi-chains of the fourth order N 4/1 , N 4/2 , N 4/3 and N 4/4 , P(CCC) = 0,0124. Probabilities of all other triplets in Table 7 show a similar strong connection with orders of epi-chains; inside all epi-chains of the same order, these probailities have only small fluctuations in the fourth decimal place.
Regarding a supposed genetic role of epi-chains
This Section briefly describes author's thoughts about described numerical phenomena and about a possible genetic role of DNA epi-chains.
The above presented results testify in favor of existence of the following two universal genetic rules relating to epi-chains in eukariotic and prokariotic genomes:
-in long single-stranded DNA sequences of eucariotic and prokariotic genomes, probabilities of nucleotides A, T, C and G in their code-chains are practically repeated in their epi-chains of n-th orders (n = 2, 3, 4, 5, …… but not extremely large); -in long DNA epi-chains, probabilities of nucleotides A and T are approximately equal (P(A) ≈ P(T)) and probabilities of nucleotides C and G are also approximately equal (P(C) ≈ P(G)) (this rule for epi-chains is analogous to the second Chargaff's rule for DNA code-chains).
Of course, further researches are needed to define a degree of unicersality of these epi-chains rules. These rules belong to the field of quantum biology and support the Jordan's idea that «life's missing laws were the rules of chance and probability (the indeterminism) of the quantum world that were somehow scaled up inside living organisms» [McFadden, Al-Khalili, 2018] . These rules tell about probabilities, which is the main term in the language of quantum mechanics and quantum informatics.
The presented results demonstrate that long DNA sequences are not ramdom at all but they are regular constructions with their rich nets (or lattices) of epi-chains interrelated with each other and with code-chains. Integer numbers n = 1, 2, 3, 4,… play essential role in these regular constructions, which can be termed as harmonical in this relation. The arrangement of nucleotides in long DNA is not at all arbitrary, but organized in such a way that the rules for nucleotide probabilities are implemented on the DNA codechain and the wide set of DNA epi-chains. Long DNA sequences demonstrate themselves as quantummechanical entities, in which there is a long-range interaction between the elements. Quantum entanglement in this quantum genetic system can be essential for its surprisingly organized construction. The thought about an important role of quantum entanglement in organization of DNA is not new: see, for example, the article «Quantum entanglement between the electron clouds of nucleic acids in DNA» about the entanglement as a glue for DNA constructions where lattice vibrations or phonons are significant [Rieper, Anders, Vedral, 2011] .
Each DNA epi-chain is a complex vibration system with many degrees of freedom and correspondingly with many resonance frequencies. Energetic states and sets of resonance frequencies of DNA epi-chains can be changed under influence of external physical and chemical factors, for example, under influence of joining new chemical elements or bonds to certain sites of DNA or under DNA supercoiling. Since nucleotide code-chains on DNA strands carry genetic information, the phenomenon of numerical equalities in the probabilities of nucluotides between code-chains and epi-chains provokes the following important thought: not only DNA code-chains but also epi-chains and their nucleotide sequences are participants of genetic and epigenetic processes and play an informational genetic and epigenetic role. The author thinks that such role of epi-chains can be connected with their physical essence as vibration systems with many resonance frequencies. Concerning importance of resonances in quantum mechanical systems, E. Schrodinger wrote: "The one thing which one has to accept and which is the inalienable consequence of the wave-equation as it is used in every problem, under the most various forms, is this: that the interaction between two microscopic physical systems is controlled by a peculiar law of resonance» [Schrodinger, 1952, p.115] . Structures of molecular genetics are deeply connected with mathematical formalisms of the theory of resonances of vibration systems with many degrees of freedom [Petoukhov, 2015a [Petoukhov, ,b,c, 2016a . From the point of view of quantum mechanics, the interaction of molecules is based on the emission and absorption of photons with the participation of resonance correspondences. The energy state of parts of molecular-genetic systems depends on the emission and absorption of photons, which are the force carriers for electromagnetic field (see some details in [Hu, Petoukhov, Petukhova, 2018] ). The creator of the theory of resonances in structural chemistry L. Pauling stated about an important meaning of resonances in organization of living matter [Pauling, 1940] . The book [Ji, 2017] contains new data about a role of resonances in cells.
In various cells, energetic states and sets of resonance frequencies of their DNA epi-chains can be mechanically depended on a location of separate cells inside a holistic ensemble of cells. Such differences in energetic states and resonance frequencies of DNA epi-chains in various cells can explain the phenomen of different fate of various cells in ontogenesis, although all cells contain DNA of the same nucleotide composition. This also relates the well-known embryological rule: "The fate of an embryo part is a function of its position within a whole" [Beloussov, 2015, p.4; Driesch, 1921] .
The additional argument in favor of a participation of DNA epi-chains in epigenetic phenomena is given by the results described in the previous Section (Table 7) about regular probabilities of triplets in long DNA epi-chains of various orders. The author believe that knowledge on DNA epichains and on DNA telomeres allows developing new model versions of senescence. For example, one of possible model approaches considers epi-chains starting at the most distal nucleotides of telomeres. The model assumes that at this stage of cell life, the epi-chain of DNA has the predominant epigenetic activity, which contains this most distal nucleotide №1 and has the smallest order among all epi-chains containing this telomeric nucleotide №1. Under cell division, the telomeric ends become shorter and the nucleotide №1 is removed, giving the most distal place in DNA to another nucleotide №2. At this new stage of cell life, a new epi-chain gets the predominant epigenetic activity, which contains this telomeric nucleotide №2 and has the smallest order among all epi-chains containing this telomeric nucleotide. This relay process of transferring activity to new epi-chains, which have specifical energetic states and resonance frequencies, repeats with each cell division. More extended explanation of this senescence model, which combines knowledge about DNA telomeres and epichains, will be published some later.
In addition, DNA epi-chains with their helix configurations and changeable energetic states seem to participate in DNA supercoiling. Supercoiling, which needs an additional energy, is important in a number of biological processes, such as compacting DNA, DNA metabolism and possibly gene expression (https://en.wikipedia.org/wiki/DNA_supercoil). Changing energetic states of epi-chains, which is connected with changing their sets of resonance frequencies, can serve as a manage factor for DNA supercoiling.
The author's study of DNA epi-chains provokes many new questions for further investigations, for example, the following: do epi-chains with their own nucleotide sequences have their own epicodes or not? Are there nucleotide sequences on DNA epi-chains that correspond to genes on the DNA code-chain? What will the comparative analysis of the characteristics of epi-chains in genomes of different organisms for the tasks of evolutionary biology?
This article presents the author's results about nucleotide probabilities relating to epi-chains of single-stranded DNA. But nucleotide probabilties on epi-chains of both strands of DNA double helix should be also studied. Such эпи-chains should consist of a sequence of numbered nucleotides taken alternately from each of the two code-chains of DNA. For a preliminary desciption of such epi-chains of DNA double helix, one can denote by the symbol N1a the code-chain of the first DNA strand and by the symbol N1b the code-chain of the second DNA strand. Fig. 3 shows fragments of two code-chains N1a and N1b of a DNA double helix with an indication of epi-chains of the second and the third orsers. For example, the epi-chain of the second order, which begins from the nucleotide 1a, contains the nucleotide sequence 1a-3b-5a-7b-9a-11b-… . The epi-chain of the third order, which begins from the nucleotide 1b, contains the nucleotide sequence 1b-4a-7b-10a-13b-… . Fig. 3 . The conditional presentation of two code-chains N1a and N1b of a DNA double helix in a form of straight lines carrying numerated nucleotides. Left: the system of epi-chains of the second order is shown, which begin from nucleotides 1a and 1b (red lines) and from nucleotides 2a and 2b (blue lines). Right: the system of epi-chains of the third order is shown, which begin from nucleotides 1a and 1b (red lines), from nucleotides 2a and 2b (blue lines) and from 3a and 3b (green lines).
The study of the nucleotide probabilities on epi-chains of DNA double helices is being conducted by the author at the present time, and their results is planed to publish later. The described studies conducted by the author use computer programs developed by his graduate student V.I. Svirin according to the author's technical task.
Some concluding remarks
Returning to the Jordan's thoughts on quantum biology, the difference between biological and inanimate objects should be explained. Jordan correctly pointed out that inanimate objects were governed by the average random motion of millions of particles, such that the motion of a single molecule has no influence whatsoever on the whole object. This insight is usually credited to Erwin Schrödinger, who later claimed that life was different from inorganic chemistry because of its dependence on the dynamics of a small number of molecules. Jordan similarly argued that the few molecules that control the dynamics of living cells within the control center have a dictatorial influence, such that quantum-level events that govern their motion, such as Heisenberg's uncertainty principle, are amplified to influence the entire organism. Jordan believed that living organisms were uniquely able to carry out this amplification in a way that was conspicuously different from inanimate matter. In fact, Jordan had been thinking about this question for over a decade and had been using the term «Quantumbiologie» since the late 1930s. Jordan was convinced he could extend quantum indeterminism from the subatomic world to macroscopic biology. He even made a connection with free will by suggesting a link between quantum mechanics and psychology. Jordan's insistence that living organisms have a unique ability to amplify the quantum into the macroscopic world has a lot of resonance with modern views of quantum biology [McFadden, Al-Khalili, 2018] . Many authors have supposed that living organisms use principles of quantum informatics [Abbott, Davies, Pati, 2008; Altaisky, Filatov, 2001; Fimmel, Petoukhov, 2019; Hu Z.B., Petoukhov, Petukhova, 2017a ,b, 2018 Igamberdiev, 1993 Igamberdiev, , 2004 Igamberdiev, , 2007 Igamberdiev, , 2008 Igamberdiev, Shklovskiy-Kordi, 2016 , 2017 Josephson, 2018; Matsuno, 1999 Matsuno, , 2003 Matsuno, Paton, 2000; Mikheenko, 2018; Patel, 2001a,b,c; Penrose,1996 Penrose, , 2019 .
The author's results presented in this article support Jordan's ideas of quantum biology by means of study of probabilities of nucleotides located on special helix traectories in DNA strands.
